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Refractive Index, Viscosity, Density, and Speed of Sound of Aqueous
Sodium Tartrate Solutions at Various Temperatures

Mohammed Taghi Zafarani-Moattar* and Sh. Hosseinzadeh

Physical Chemistry Department, University of Tabriz, Tabriz, Iran

Refractive index, viscosity, density, and speed of sound of solutions of sodium tartrate at (25, 35, a8d 45)

have been measured. The obtained refractive index, viscosity, density, and speed of sound data were correlated
with suitable equations. The experimental density data for sodium tartrate were used to obtain limiting apparent
molal volume at each temperature from which the corresponding infinite dilution molal volume for tartrare ion
was calculated. The obtained density data were also used together with the corresponding speed of sound data to
determine isentropic compressibilities of the solutions, and these data were also fitted to an empirical equation.

Introduction Viscosities of the solutions were measured with an Ostwald-
type viscometer at a desired temperature using the above

_Tartaric ions in aqueous solutions are of a considerable thermostat. It was assumed that the viscogityas related to
significance in many biochemical and chemical proce3ses.  ihe time of flow t,, according to

respect to these solutions, conductivity stutifebave been
carried out on some alkali metal and ammonium tartrates in
the temperature range of (5 to 3%). Recently, vapor pressures

of saturated solutions for some tartrate salts have been mea- . . . .
sured*S However, in respect to other thermodynamic or In this relationp is density. The constant& and B for the

transport properties of tartrate salts, little information can be viscometer were determined by calibrating Wit.h water and pure
found in the literature. There are reports on the densities of l°luene at working temperatures. The viscosities of water and
aqueous solutions of potassium and sodium tartfatés.the toluene_w?re assumeéj to ble 0.8904 "?Fmg 0'5559 mPs,
case of disodium tartrate, density values have been given respectively. TheA an B values were found to be 0.020705
the molality range of (0.0306 to 1.3115) Mg at 25°C. At and 2.01789Q, respectlvely.. The flow tintg, measurements
the pressure of 0.35 MPa, a few apparent molal volumes for were made with an electronic stopwatch having a precision of

disodium tartrate have been reporfelh. this work, refractive i 0'01 S Triplicate measurements of flow times were reproduc-
index, viscosity, density, and speed of sound of aqueous ible within & 0.10 %. The uncertainty for the viscosimeter has

solutions of sodium tartrate are reported at (25, 35, and@s) ~ Peen found to bet 0.001 mPés.

Density and speed of sound measurements were performed at Pensities and speed of sounds were measured with a
the pressure 0.1 MPa from dilute up to saturation; and in order vibrating-tube densimeter (Antoine Parr DSA-500, Austria). By

to calculate accurate limiting apparent volumes, enough datathis apparatus, the working temperature can be controlled within
were obtained in the dilute region (concentrations less than 0.1 0-001°C. The apparatus was calibrated at each temperature
mol-kg?) at three temperatures. The appropriate equations wereWith double-distilled deionized water and dry air. For pure water,

used to correlate the measured physical properties. the values (997.046, 994.028, and 990.22tkg for densit_y
and (1496.94, 1520.32, and 1536.94)sm for ultrasonic

velocity were measured respectivelytat (25, 35, and 45)

°C. The apparatus was also tested with the density of a known
Materials. Sodium tartrate with purity of minimum mass molality of aqueous NaCl using the data of Pitzer et @he

fraction of 0.995 was obtained from Merck. The salt was used uncertainty in the measurement of density and speed of sound

without further purification, and double distilled deionized water was estimated to b& 0.003 kgm™3 for density and 0.1 rs !

was used. for ultrasonic velocity.

n = p(At, — Blt)) (1)

Experimental Section

Apparatus and ProcedureThe solutions were prepared by Results and Discussion

mass using an analytical balance (Shimatzu, 321-34553, Shi-

matzu Co., Japan) with an uncertainty #f 1 x 1077 kg. The results of refractive index, viscosity, density, and speed

Refractive index measurements were made by using a refrac-of sound measurements are collected in Tables 1 to 3 at (25,

tometer (QUARTZ RS-232, Ceti, Belgium) with an uncertainty 35, and 45FC. Examination of the results given in Tables 1 to

of + 0.0001. The temperature of the refractometer was 3 reveals that for any concentration considered in this work

controlled with water from a large well-regulated water bath to (from dilute to near saturation) the obtained values for all of

within & 0.01°C using a thermostat (Hetotherm PF, Heto Lab these physical properties decrease with an increase in the

Equipment, Denmark). temperature. The exception is ultrasonic property for which an
increase in temperature causes an increase in ultrasonic velocity

* Corresponding author. Fax:+98 411 3340191. E-mail: zafarani47@ Values in the concentration and temperature ranges considered
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Table 1. Values of Refractive Index for Sodium Tartrate (1)+ H2O (2) System at Different Temperatures

Np Np
100w, t=25°C t=35°C t=45°C 100w; t=25°C t=35°C t=45°C
0.00 1.3325 1.3313 1.3300 16.97 1.3616 1.3606 1.3595
0.99 1.3343 1.3331 1.3318 17.69 1.3630 1.3617 1.3607
1.92 1.3360 1.3346 1.3335 18.25 1.3639 1.3627 1.3616
2.82 1.3373 1.3363 1.3351 18.86 1.3649 1.3637 1.3627
3.71 1.3389 1.3378 1.3367 19.41 1.3660 1.3646 1.3636
4.60 1.3405 1.3393 1.3381 19.96 1.3668 1.3655 1.3644
5.47 1.3418 1.3408 1.3396 20.48 1.3677 1.3664 1.3654
6.25 1.3432 1.3421 1.3410 21.16 1.3689 1.3675 1.3666
7.14 1.3447 1.3435 1.3425 21.67 1.3697 1.3685 1.3675
7.93 1.3460 1.3449 1.3439 22.21 1.3707 1.3696 1.3684
8.72 1.3475 1.3462 1.3452 22.81 1.3719 1.3707 1.3695
9.48 1.3486 1.3475 1.3464 23.28 1.3728 1.3715 1.3703
10.26 1.3502 1.3488 1.3479 24.30 1.3744 1.3731 1.3720
10.98 1.3511 1.3500 1.3490 24.93 1.3755 1.3744 1.3732
11.69 1.3526 1.3512 1.3502 25.77 1.3770 1.3759 1.3749
12.23 1.3535 1.3523 1.3513 26.22 1.3778 1.3765 1.3757
13.14 1.3551 1.3537 1.3526 26.81 1.3790 1.3777 1.3765
13.61 1.3557 1.3545 1.3536 27.57 1.3802 1.3791 1.3778
14.37 1.3572 1.3560 1.3548 28.59 1.3821 1.3809 1.3798
15.14 1.3584 1.3572 1.3562 29.79 1.3840 1.3829 1.3819
15.77 1.3594 1.3582 1.3573 30.85 1.3861 1.3848 1.3841
16.46 1.3607 1.3596 1.3587
Table 2. Values of Viscosity for Sodium Tartrate (1)+ H2O (2) obtained standard deviations, we conclude that the correlated
System at Different Temperatures results are in fairly good agreement with experiment.
n/(mPas) nl(mPas) Following Carton et alt? the experimental viscosity data were
100w, 25°C 35°C  45°C 100w; 25°C 35°C 45°C correlated with the equation
0 0.890 0.729 0.600 159968 1.560 1.278 1.024 —
1.9857 0.932 0.773 0.644 17.9476 1.706 1.380 1.101 In7 = Bwy) + Cwy)/T ©)

3.9915 0.995 0.824 0.683 20.0662 1.891 1.519 1.215

6.0245 1.060 0.885 0.726 21.9625 2.086 1.669 1.334 Where

8.0095 1.137 0.952 0.782 24.0197 2.301 1.857 1.475

9.9985 1.230 1.020 0.832 25.9968 2.563 2.055 1.647 B(w,) = by+ byw, + b2W12 (3a)
11.9998 1.321 1.098 0.894 28.0563 2.897 2.305 1.846
13.9983 1.431 1.184 0.959

and

The dependence of refractive indeuw, of solutions to mass
fractions of sodium tartratey;, at a given temperature was
described by the conventional equation:

C(wy) = ¢, + cW; + cw,” (3b)

In the above equationdy and ¢ are constants, which are
obtained from fitting of the experimental viscosity data. The

Np = Np° + agw, 2) values of these constants are reported in Table 5. The obtained
standard deviations of the fit for at (25, 35, and 45jC are
where np? is the refractive index of pure water arg is a respectively 0.008, 0.013, and 0.013. The maximum deviation

constant. The results of fitting of the experimental refractive between the experimental and calculated viscosity data in term
index data to the eq 2 are given in Table 4. On the basis of of 5 is 2.6 %. These results show that eq 3 can be satisfactorily

Table 3. Densitiesp and Sound Velocitiesu for Sodium Tartrate (1) + H20 (2) System at Different Temperatures

pl(kg-m~3) w(m-s1)
my/(mol-kg=Y) t=25°C t=35°C t=45°C t=25°C t=35°C t=45°C
0.0325 1001.45 998.34 994.47 1501.97 1524.83 1541.33
0.0351 1001.80 998.70 994.82 1502.34 1525.23 1541.65
0.0405 1002.51 999.40 995.52 1503.13 1525.96 1542.35
0.0552 1004.48 1001.34 997.43 1505.37 1528.05 1544.32
0.0576 1004.79 1001.64 997.72 1505.70 1528.37 1544.61
0.0673 1006.08 1002.91 998.99 1507.16 1529.72 1545.89
0.0747 1007.06 1003.87 999.92 1508.23 1530.73 1547.05
0.0814 1007.94 1004.73 1000.77 1509.92 1531.64 1547.72
0.1365 1015.14 1011.79 1007.83 1517.30 1539.24 1554.94
0.2798 1033.29 1029.68 1025.48 1537.54 1558.23 1572.86
0.4159 1049.92 1046.11 1041.78 1556.26 1575.76 1589.37
0.5661 1067.63 1063.54 1059.16 1576.43 1594.59 1607.33
0.7158 1084.68 1080.39 1075.77 1598.60 1615.29 1624.11
0.8880 1103.52 1098.96 1094.15 1618.47 1633.76 1644.03
1.0548 1121.13 1116.46 1111.35 1639.64 1653.59 1662.25
1.2106 1137.00 1132.16 1126.70 1659.03 1671.72 1679.24
1.4118 1156.69 1151.68 1146.41 1683.56 1694.53 1701.17
1.5925 1173.71 1168.58 1163.14 1705.11 1714.64 1719.83
1.7489 1187.90 1182.99 1176.91 1723.33 1731.98 1734.78

2.2027 1226.56 1221.08 1215.23 1773.97 1778.68 1779.72
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Figure 1. Viscosity of aqueous solutions of sodium tartrate (1) at different
temperaturesd, 25 °C; O, 35°C; A, 45°C; —, calculated from eq 3.

Table 4. Values of the Parameteray of Equation 1 for Refractive
Index of Sodium Tartrate (1) + H2O (2) System at Different
Temperatures

t/°C npoa a o(np)°
25 1.3325 0.1731 0.0001
35 1.3313 0.1732 0.0002
45 1.3300 0.1734 0.0001

aThese values were measured for pure watefnp) = [Ziﬂl[(nfa'
n>P2IN]%9, whereN is the number of data.

Table 5. Values of the Parameters of Equation 3 for Viscosities of
Sodium Tartrate (1) + H0 (2) System at Different Temperatures
bo 10*by 10%b, 103C0
—6.0491 4.4785 3.0596 1.7680

C1
7.9682

C2
0.2498

used for correlation of our experimental viscosity data. Figure
1 shows the concentration dependence of viscosities obtaine
from the experiment and those generated using eq 3 with the
coefficients taken from Table 5.

Apparent molal volumes in dilute region (from 0.0325 to
0.0814) molkg~! evaluated from eq 4 can be used along with
the Redlici-Mayer equatioft (eq 5) for evaluation of the
limiting apparent molal volume of sodium tartrate in water
solutions, ¢,° (equal to the partial molal volume at infinite
dilution, V1. The necessary equations have the following forms:

1

M 1 1
=[=+=[=-= 4
& [p m1(p p) “)
¢v = ¢v0 + S/m + bvml (5)
whereb, is an empirical parameter, ar®l is defined as
B 1 AVRE
§= k[i( Z Vig )] (6)

In these equationg, and ps are density of the solution and that
of pure water, respectively,, my, andM are the apparent molal
volume, molality, and molar mass of electrolyte, respectively.
vi andz are stoichiometric number and absolute charge of ion
i, respectively. The limiting apparent molal volume of sodium
tartrate in water was obtained by fitting eq 5 to the data in the
dilute region. The obtained values fg° (equal to$,°) andb,
are given in Table 6. For the limiting theoretical slopethe
values (1.868, 2.046, and 2.234) eif->mol~15 given by
Millero12 were used at (25, 35, and 4%}, respectively.

Using the additivity rulé? the infinite dilution partial molal
volume of the tartrate ion can be calculated from the limiting
apparent molal volume of sodium tartrate. According to the

2006

Table 6. Parameters of Equation 5 and the Values of Infinite
Dilution Partial Molal Volumes of Tartrate lon for Sodium Tartrate
(1) + H20 (2) System at Three Temperatures

t 10°Vy° 10Pby 10° Ve ,02°
°C m3-mol-1 m3-mol~2-kg m3-mol~1
25 57.35 15.51 59.77
35 59.76 9.71 61.44
45 61.54 6.32 62.42

Table 7. Correlation Parameters of Equation 8 and Average
Relative Deviations,e, for Aqueous Sodium Tartrate System at
Different Temperatures

A B c D o
Y°C =25

pl(kg'm=3)  1.37:12  -7.934 —13.366 2529  0.01

w(ms?) 158210 —24.541 3.945 —1.437 0.0

BI(TPayl  —155.13 19.61 3599 -11.87  0.23
t°C=35

pl(kg'm=3)  1.35510? —10.855 —8.993 1.062  0.06

w(ms?) 142710  -9.707 —7.353 1.598  0.46

BI(TPayl  —142.23 15.80 3360 -10.81 0.1
t°C =45

pl(kg'm=3) 132518  —4.563 —15.821 3.442  0.08

w(ms?) 142710 -9.707 —7.353 1598  0.22

BI(TPayl  —136.41 22.30 2408 —791 010

additivity rule, the partial molal volume of a salt at infinite
dilution is the sum of infinite dilution partial molal volumes of
its consisting ionsy,® = 321 '€ saf\z0 in which VO is the

infinite dilution partial molal volume of ith ion. Therefore

V,’ =2V’ + Ve o0 )

r infinite dilution partial molal volume of sodium ioviy,*°,

)
O{\:/Iillerolz has given the values(1.21 x 1075, —0.30 x 1076,

and 0.8x 1075 m3-mol~t at (25, 50, and 75)C, respectively.
From fitting of these data to a straight line, the necessary values
for Vnat® may be estimated as-0.84 x 1076 and —0.44 x
1076 m3-mol~! at 35°C and 45°C, respectively. The standard
deviation of the fit is 0.04x 106 m3-mol~*. Using the necessary
data forV;° from Table 6 and the abowé.° values, the infinite
dilution partial molal volume of tartrate ioic,n,02° can be
calculated by the help of the eq 7. The results are given in Table
6. Our value V,® = 57.35x 1075 mé-mol~! at 25°C can be
compared with the corresponding valu®s) = 57.87 x 1076
m3-mol~! andV,% = 56.87 x 106 m3-mol~! obtained respec-
tively by Apelblat and Manzurofeand Patterson and Woolléy,
and they are in good agreement. However, \¢{irvalues at 25

°C and 35°C differ from that of Hgiland and Vikingstatly,°
(25°C) = 56.26 x 107% m3mol~! andV;° (35 °C) = 58.65 x

1078 m¥mol™*, by 1.09x 10°% m¥mol* and 1.11x 10°®
m3-mol~! at 25°C and 35°C, respectivley.

The experimental density and ultrasonic velocity valuas
given in Table 3 and the isentropic compressibility valpes
calculated by the help of the Laplace equatifn«1/u?p) were
correlated at each working temperature with the following
equation:

Fou= F, + Am + Bm**+ Cm? 4+ Dm,*? (8)
whereFsy, is p, u, or § for aqueous salt solutions, afd is the
corresponding value for the pure water. All these fittings were
carried out ad\Fs,, = Fsw — Fy. The results of fitting of density,
ultrasonic velocity, and compressibility values for aqueous
sodium tartrate solutions together with the standard deviations,
o, are presented in Table 7. Standard deviations between the
calculatedFic@, and the experimentak;®*®, values have been



Journal of Chemical and Engineering Data, Vol. 51, No. 4, 200693

0.5 Literature Cited
0.45 - 2 [ _ _ _
04 (1) Berger, S. E. IKirk—Othmer Encyclopedia of Chemical Technolpgy
’ 3rd ed.; Wiley-Interscience: New York, 1984; Vol. 13, pp +021.
4035 3 (2) Bester-Rogac, M.; Neueder, R.; Barthel, J.; Apelblat, A. Conductivity
£ 03 3 3 studies of aqueous solutions of stereoisomers of tartaric acids and
<025 g tartrates. Part I: Alkali metal and ammoium tartratesSolution Chem
= ol s 1997, 26, 127-134.
s 2 (3) Bester-Rogac, M.; Neueder, R.; Barthel, J.; Apelblat, A. Conductivity
0.151 studies of aqueous solutions of stereoisomers of tartaric acids and
0.1 % 2 3 tartrates. Part Il:p-, L-, and mesetartaic acids.J. Solution Chem
0.05 |82 2 1998 27, 299-307.
0 (4) Diesnis, M. The determination of the critical hygrometric stéten.
0 05 1 15 Chem.1937, 7, 5—-69.
’ m, lmotkg™) ’ (5) Manzurola, E.; Apelblat, A. Vapor pressure of water over saturated
! g solutions of tartaric acid, sodium hydrogen tartrate, sodium tartrate,
Figure 2. Density difference between Apelblat and Manzufalata and potassium tartrate, calcium tartrate, barium tartrate, citric acid,
this work, p — p*, vs molality for aqueous sodium tartrate solutions at 25 disodium hydrogen citrate, sodium citrate, and potassium citrate at
°C. temperatures from 277 to 317 B. Chem. Thermody2003 35, 251—
260.
estimated by using (6) Apelblat, A.; Manzurola, E. Apparent molar volumes of organic acids

and salts in water at 28C. Fluid Phase Equilib199Q 60, 157—171.
N cal X2 0.5 (7) Hgiland, H.; Vikingstad, E. Partial molal volumes of ionization of
o(F) = Z [(F% — FZP9IN]™ (9) hydroxycarboxylic acids in aqueous solutions at 25, 30 angC33.
= Chem. SocFaraday Trans 1975 71, 2007.
) ) . . (8) Patterson, B. A.; Woolley, E. M. Thermodynamics of proton dissocia-
whereN is the number of experimental points. On the basis of tions from aqueous-tartaric acid at temperatures and at the pressure
the reported average relative deviations, we conclude that eq 8 ~ 0.35MPa: apparent molar volumes and apparent molar heat capacities

. . S . . of L-tartaric acid and its sodium salts. Chem. Thermody2001, 33,
is a suitable equation in representing the experimentaland 15671585,

p values for the studied aqueous salt solutions at three (9) Pitzer, K. S. Thermodynamic properties of sodium chloridé?hys.

temperatures. _ _ _ Chem. Ref. Datd984 13, 1—102.

A comparison of density data¥, reported in the literatufe’ (10) Carton, A.; Sobron, F.; Bolado, S.; Gerboles, J. I. Viscosity, conductiv-
at 25°C and the corresponding data, obtained using the eq ity, and refractive index of saturated solutions of lithium sulfate
8 with the coefficients, given in the first row of Table 7 are water+ methanol.J. Chem. Eng. Datal 995 40, 980-982.

; ; ; ; (11) Redlich, O.; Mayer, D. M. The molal volumes of electrolyt€sem.
shown in Figure 2. Figure 2 shows that there is very good Rev. 1064 64, 221227,
agreement between our data and those reported by Apelblat an

6 (?12) Millero, F. J. The molal volumes of electrolyte€8hem. Re. 1971,
Manzurola® 71, 147-176.

Acknowledgment

The authors also thank Ms. Sh. Hamzehzadeh for her assistanceteceived for review November 26, 2005. Accepted April 4, 2006.
in the density measurements. JE050498Q



